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5,278,149 
1. 

METHOD OF PREPARING TOTAL PARENTERAL 
NUTRTION SOLUTIONS 

BACKGROUND OF THE INVENTION 
The present invention relates to methods of making 

total parenteral nutrition (TPN) solutions. More partic 
ularly, the step-wise procedure for making TPN solu 
tions which is disclosed herein guarantees that the solu 
tions conform to acceptable standards of repeatability 
and physiologic compatibility. This method of forming 
TPN solutions is easily adapted to computerized con 
trol. 

In the last few years, there has been a rapid expansion 
in the use of TPN solutions to treat hospitalized pa 
tients. In part, this expansion of TPN usage has been 
fueled by a series of discoveries which are leading to an 
optimization of TPN solutions for treatment of particu 
lar conditions. Nowhere is this more apparent than in 
the modification of the content of the fats used in TPN 
solutions. The traditional soybean or safflower oil used 
to provide the lipid content to TPN solutions is now 
being replaced, at least in part, by a variety of different 
lipids. These include omega-3 fatty acids (U.S. Pat. Nos. 
4,752,618 and 4,871,731, both assigned to New England 
Deaconess Hospital Corporation), medium-chain tri 
glycerides or MCT's (U.S. Pat. No. 4,528, 197, assigned 
to KabiVitrum), structured lipids having both MCT and 
Omega-3 fatty acids on the same backbone (U.S. Pat. 
No. 4,871,768, assigned to New England Deaconess 
Hospital Corporation), kernel oils (U.S. Pat. No. 
4,810,726, assigned to New England Deaconess Hospi 
tal Corporation), structured lipids containing dairy fats 
(U.S. Pat. No. 4,952,606, assigned to New England 
Deaconess Hospital Corporation), and structured lipids 
containing short-chain fatty acids (PCT Publication No. 
W090/12080, assigned to New England Deaconess 
Hospital Corporation). In addition, even the structure 
of the amino acids used in the parenteral nutrition solu 
tion have been modified. For certain uses, branched 
chain amino acids are preferable to straight chain amino 
acids (U.S. Pat. No. 4,438,144, assigned to Baxter Trav 
enol Laboratories). 
The rapid explosion of information concerning TPN 

solutions and what modifications must be made to the 
solutions when using each different type of fats and 
amino acids to achieve optimum results has made it 
particularly difficult for pharmacists and physicians to 
make sure the solutions are produced accurately. In 
addition, as more and different types of drugs are being 
delivered in conjunction with TPN solutions, determin 
ing compatibility of the drugs and a variety of ionic 
materials is more difficult for the physician and/or 
pharmacist ordering or formulating the TPN solution. 
Another factor which must be monitored is whether the 
various ionic materials affect the strength and stability 
of the lipid carrying emulsion itself. For example, if the 
concentration of ionic materials is too great or of the 
wrong type, the emulsion in the TPN solution may be 
destabilized or break down. Still another problem is 
making sure that the cumulative amounts of ions, drugs 
and other ingredients of the TPN solutions are moni 
tored so that they do not exceed predetermined safety 
limits nor adversely affect the osmoticity of the solu 
tion. Similarly, the intravenous set used for delivery of 
the TPN solution must be of proper type for the particu 
lar TPN solution and it be changed, when necessary, 
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2 
because of any differences made in the TPN solution for 
a particular patient 

Accordingly, an object to the invention is to provide 
a method of preparing TPN solutions in a controlled 
manner such that there are no adverse drug or ionic 
interactions or emulsion destabilizing problems. 
Another object to the invention is to provide a 

method of preparing TPN solutions so that mistakes 
which could be injurious to the patient by a pharmacist 
or physician are minimized. 
A further object to the invention is to provide a com 

puter control system for the manufacture of TPN solu 
tions. 
These and other objects and features of the invention 

will be apparent from the following detailed descrip 
tion. 

SUMMARY OF THE INVENTION 
The present invention features methods of making 

TPN solutions. These solutions can be made either 
manually by the pharmacist or under computer control. 
The method has a series of built-in tests or checks to 
ensure that the TPN solutions meet predetermined 
safety and other criteria. 
While the methods of the invention have general 

applicability to TPN solutions, they are most applicable 
to what are called three-in-one solutions. These three 
in-one TPN solutions include sufficient lipids, dextrose 
and amino acids so as to provide a nutrition program for 
a patient which can be used on a long term basis without 
deleterious side effects. These three-in-one solutions 
also normally include vitamins, and selected ionic mate 
rials such as dietary requirements of cations (e.g., Ca, 
Mg, K and Zn) and phosphate and chloride ions. In 
addition, these TPN solutions may be used as drug 
carriers for a variety of materials including heparin, 
steroid drugs (such as hydrocortisone), and cimetidine. 
The TPN solutions are infused through an IV set, 

possibly with an in-line filter chamber, into the patient. 
Normally, the IV bags containing the TPN solution are 
changed several times a day or daily (while maintaining 
the same IV set), so that the cumulative amounts of each 
material on a per day or any predetermined infusion 
time basis, must be determined. The method also pro 
vides assistance in determining if the IV set should be 
changed. 
The method of the invention for preparing a three 

in-one total parenteral nutrition solution containing 
lipid, dextrose and amino acid components has multiple 
steps. These steps do not need to be carried out in the 
particular order set forth herein but it is preferable to 
follow this pattern. Normally, the first step is forming 
an emulsion of the lipid, dextrose, and amino acids, the 
concentrations of which must meet certain selected 
criteria. If conventional straight-chain amino acids are 
used as the sole amino acid source, the components of 
the TPN solution should meet the formulas: 

2% SAs.10% 

5% sos 25% 

2% is Ls 6% 

where A is the final concentration of amino acids, D is 
the final concentration of dextrose and L is the concen 
tration of lipid in the final solution. However, if 
branched chain amino acids are used as some or all of 
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the amino acids in the solution, the formulas which must 
be met are as follows: 

2% is AsS% 

5% sids 5% 

2% iss4% 

The concentration of the initial lipid solution used to 
make the final TPN solution is preferably 10-30%, and 
the total concentration of amino acids used to make the 
final TPN solution also must be not less than 2% and 
preferably is 3.5-15%. If branched chain amino acids 
are included, the concentration of amino acid used to 
make the final TPN solution should be 6.5-8.0% of the 
solution because of emulsion stability problems. Multi 
valent cations, or their derivatives, should be added to 
the emulsion in concentrations such that they do not 
destabilize (or break) the emulsion. These multivalent 
cations include iron (possibly in the form of iron dex 
tran), zinc, calcium (possibly in the form of calcium 
gluconate), and magnesium. For example, if there are 
more than 10 mg/L of iron dextran or zinc, this may 
destabilize the emulsion. Similarly, concentrations 
greater than 20 mEq/L of divalent cations such as mag 
nesium or calcium can disrupt the emulsion. In addition, 
materials such as HCl or albumin should not be used 
with fat (or lipid) containing TPN solutions as these 
may also destabilize the emulsion. Accordingly, if a 
predetermined amount of chloride (or other) salt is 
needed to treat a condition such as alkalosis, salts which 
do not destabilize the emulsion, such as NaCl or KCl 
should be used in lieu of HCl. These salts must also be 
compatible with other additives including acetate and 
steroid drugs such as prednisolone or hydrocortisone. If 
any drugs or ionic materials are added to the TPN solu 
tions, the amounts added should be within predeter 
mined safety limits. For example, calcium should be 
below 18 mEq/L while heparin should not exceed 
12,000 units per day. 
The method includes several steps which can be per 

formed either by computer or manually. These steps 
include testing the compatibility of all drugs and addi 
tives incorporated into the emulsion for cross-reac 
tivity, e.g., making sure that one additive does not di 
minish the effect of the others, as well as testing for 
safety reasons. In addition, the osmoticity of the final 
solution must be tested to make sure it is within accept 
able limits, e.g., greater than 150 mosm/L but less than 
3500 mOsm/L. Patients who need TPN solutions are 
normally in some form of critical care and, as such, any 
variation of the osmoticity of solutions could cause 
shock or other physical problems. 
The steps of this invention can be carried out, in 

whole or part, under computer control. Accordingly, 
the invention includes a computerized method for con 
trolling the preparation of three-in-one TPN solutions. 
The computer controlled method has the steps of gener 
ating computer signals to an automatic mixing machine 
to form an emulsion of the lipid, dextrose and amino 
acids, whereby the concentration and compatibility 
criteria are the same as that previously described. The 
input of the various multivalent ions and other additives 
to the emulsion into the mixing chamber can be con 
trolled by computer generated signals. This same type 
of computer control can also be used for adding any 
acid. If an acid is used, it should meet the same criteria 
as described previously, e.g., normally it should not be 
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4. 
HCl. The compatibility of all materials added to make 
the TPN solution, such as multivitamins or drugs, can 
be determined from a computerized data base. This 
would eliminate the possibility of operator error in 
adding materials and it would allow easy updating so 
that the best information was available to the pharma 
cist or physician on the proper manner and materials 
with which to make the TPN solution. As the final step, 
the tonicity or osmoticity of the TPN solution can be 
tested, for example by using a computer controlled 
probe or merely by calculation. 
These aspects of the invention will be more clearly 

evident from the following detailed description. 
DETAILED DESCRIPTION 

The present invention provides a method of prepar 
ing TPN solutions which provide optimum benefits to 
the patient and concurrently provide confirmation that 
nothing deleterious is included in the solution. The 
method further provides a series of checks that allow 
confirmation that the specific TPN solution is proper 
for the patient to whom it is to be given. This method 
can be carried out manually by a pharmacist or other 
trained professional, or it can be computerized. The 
method of making these TPN solutions can best be 
carried out using an automated mixing machine such as 
a Baxa Micro-Macro Compounder (Catalog No. 011), 
manufactured by Baxa Corporation. The Baxa Com 
pounder can be controlled by computerized software 
which automates the process and confirms that each of 
the steps of the invention are carried out. This software 
has been tested by the inventors under the designation 
TPN-PC Plus Application Software-Parenteral Nutri 
tion Formulation Program. This computerized system 
allow 5-50 units of TPN solution to be made per day 
under computer control. 
The following, non-limiting example will better eluci 

date the method of the invention. 

EXAMPLE 

In this Example, a total of 3,800 orders were received 
for TPN solutions at a single hospital in a seven month 
period. All of these TPN solutions were made using the 
methods described herein. In over 700 of these orders, 
physician or pharmacist intervention was required (or 
was preferable) because the initial order, as placed, did 
not conform to the requisite standards for the method. 
In particular, the major problems were not properly 
Scaling the amount of materials per bag or in multiple 
bag TPN, omitting drugs, and failure to properly con 
form to acceptable calcium-phosphate levels. 
The method was carried out using a series of sequen 

tial steps and the automated mixer formulated the final 
TPN solution. The final concentration of amino acids 
and lipid in the TPN solution had to be at least 2%, so 
lipid and amino acid levels had to be confirmed. HC 
and albumin could not be included in the TPN solutions 
that contained lipids because of the emulsion destabiliz 
ing effects. In addition, HCl could not be used in many 
other TPN solutions, even for treatment of alkalosis, 
because of the problem of interaction with acetate or 
Steroid drugs. Similarly, concentrations of divalent cati 
ons and their derivatives were confirmed to be within 
acceptable levels. For example, the TPN solutions 
could not contain more than 10 mg/L of iron dextran or 
Zinc nor more than 20 mEq/L of other divalent cations 
including Mg and Ca. Other ions, such as phosphate, 
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potassium, and chloride, were added in amounts such 
that the solution had the proper tonicity. For example, 
if there were more than 18 mEq/L Ca or 40 mEq/L 
KCl, the solution would be improper in most circum 
stances and require pharmacist intervention. 

All TPN solutions should include vitamins, for exam 
ple a multivitamin such as MVI-12, and other necessary 
additives for nutrition purposes. The amount of any 
drug added to the TPN solution should not exceed the 
daily limits, even if the solution is cycled, e.g., infused at 
a rate so that it is consumed in less than a 24 hour per 
iod. Examples of drug limits include no more than 
12,000 units of heparin per day nor more than 2400 mg 
of cimetidine per day. If multiple drugs or multiple bags 
are used, the compatibility of the drugs, and whether 
certain drugs should be deleted from any bags, can also 
be checked. Standard drugs for inclusion in the TPN 
solutions, in addition to the steroid drugs, are cimeti 
dine, metoclopramide and heparin. 
Another factor which is important in preparing the 

solutions is to make sure that if there are substantial 
changes from earlier TPN solutions, these modifications 
are accurate. Since, any large scale changes in dextrose 
or insulin concentration can be a potential for problems 
for the patient, any change orders were reason for inter 
vention. 
When selecting the amount of each of the three base 

components, e.g., lipid, amino acids, and dextrose, the 
following criteria were met. If solely straight chain 
amino acids were used, the final concentrations of each 
of the three components conformed to the following 
formula: 

2% is As 10% 

5%ss 25% 

2%iss 6% 

If branched chain amino acids were used, the formula is 
as follows: 

2% is As3% 

5% sos 15% 

2% is LS 4% 

In any case, both the final concentration of amino acids 
(A) and the concentration of lipids (L) exceeded 2% in 
the final solution. Preferably, the amino acid concentra 
tion in the solution used to make the solution was about 
10%, with no more than 4% branched chain amino 
acids, and the lipid concentration was 10-30%. The 
dextrose concentration (D), as well as the concentration 
of amino acids and lipid, was selected as such that the 
final tonicity of the solution was > 150 mOsm/L. A 
common TPN solution is made from components which 
are about 10% amino acids, 70% dextrose and 20% 
lipids. 
Another advantage of using the methods of the inven 

tion are that it is relatively easy to confirm that the 
proper IV set or equipment is being used at the same 
time as the solutions are prepared. For example, if HCl 
was given in the preceeding 24 hour period and a three 
in-one solution including fat is presently ordered (or 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

vice-a-versa), the IV set should be changed because of 65 
potential deleterious interactions from residual Solu 
tions. Similarly, different sized filters are used for fat 
containing and non-fat-containing TPN Solutions and 

6 
only the appropriate filter should be used in the IV set. 
The computer controlled mixing device of the present 
invention can give indicator messages to require that 
these items be noted on any labels or orders for the TPN 
solutions. 
By following these guidelines, the methods of making 

the TPN solutions are easily computerized. For exam 
ple, the Baxa computer controlled mixer previously 
described uses software which includes an instruction 
set that meets the foregoing requirements. If other mix 
ers are used, the computer control can be handled with 
a PC or other small computer, but a mixing device 
which incorporates computer control is advantageous. 
Those skilled in the art may determine other steps or 

additions to the described TPN solutions without 
changing the basic methods of manufacture described 
herein. Such other modifications or procedures are 
intended to be encompassed within the following 
claims. 
What is claimed is: 
1. A method of controlling the preparation of a three 

in-one total parenteral nutrition solution containing 
lipid, dextrose, and amino acid components to ensure 
that said solution meets safety and stability criteria nec 
essary for physiological compatibility and storage re 
quirements comprising the steps of: 
1) forming an emulsion of said lipid, said dextrose and 

said amino acids, the concentrations of each compo 
nent being selected such that the following tests are 
let: 

a) if straight chain amino acids are used, 
2% is As O% 

5%ss 25% 

2% is is 6%; and 

b) if branched chain amino acids are used, 

2% is AsS% 

5%ss 15% 

2%ss 4%; and 

where A is the concentration of amino acids, D is the 
concentration of dextrose, and L is the concentration 
of lipid; 

2) adding multivalent cations, or their derivatives, in 
concentrations that do not destabilize said emulsion; 

3) adding a salt, if needed, to achieve physiological 
alkalinization of said emulsion without destabiliza 
tion, said salt being selected from the group consist 
ing of salts compatible with lipids, steroid drugs and 
acetate; 

4) adding any other ionic materials and drugs to be 
incorporated in said emulsion in amounts such that 
the final concentrations in said emulsion do not ex 
ceed physiological safety limits; 

5) confirming the compatibility of all drugs and addi 
tives incorporated into said emulsion; and 

6) testing the osmoticity of said emulsion to meet physi 
ologically compatible osmoticity limits. 
2. The method of claim 1 wherein said amino acids 

are solely straight chain amino acids, said adding step 
comprising adding said amino acids in the form of solu 
tion having 3.5-15% amino acids. 
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3. The method of claim 1 wherein said amino acids 
comprise branched chain amino acids, said adding step 
comprising adding branched chain amino acids in the 
form of solutions having 6.5-8.0% amino acids. 

4. The method of claim 1 wherein said adding step 
comprises adding lipids in the form of emulsions having 
10-30% lipids. 

5. The method of claim 1 wherein said multivalent 
cations or their derivatives, are selected from the group 
consisting of iron ions, iron dextran, calcium ion, Zinc 
ions, calcium gluconate, magnesium ion, and mixtures 
thereof. 

6. The method of claim 1 wherein said step of adding 
drugs comprises adding drugs selected from the group 
consisting of steroid drugs, heparin, cimetidine, meto 
clopramide and mixtures thereof. 

7. A computerized method of controlling the prepa 
ration of a three-in-one total parenteral nutrition solu 
tion containing lipid, dextrose, and amino acid compo 
nents to ensure that said solution meets safety and stabil 
ity criteria necessary for physiological compatibility 
and storage requirements comprising the steps of: 
1) generating computer signals to an automatic mixing 
machine to form an emulsion of said lipid, said dex 
trose and said amino acids, the concentrations of each 
component being selected such that the following 
criteria are met: 
a) if straight chain amino acids are used, 

2% as AS 10 

5% is Dis?5% 

2ss 6%; and 

b) if branched chain amino acids are used, 
2% is AsS9. 

5% sids 5% 

2%ss 4%; and 
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where A is the final concentration of amino acids, D 
is the final concentration of dextrose, and L is the 
final concentration of lipid; 

2) generating computer signals to input devices on said 
mixing machine to control the addition of multivalent 
cations, or their derivatives, such that said multiva 
lent cations, or their derivatives, are added in concen 
trations that do not destabilize said emulsion; 

3) computer controlling the addition of a selected salt, if 
needed, to achieve a clinical response from said emul 
sion, said salt being selected from the group consist 
ing of salts compatible with lipids, steroid drugs and 
acetate; 

4) computer controlling the amounts added of any other 
ionic materials and drugs to be incorporated in said 
emulsion such that the final concentrations of said 
ionic materials and drugs in said emulsion do not 
exceed physiological safety limits; 

5) confirming the compatibility of all drugs and addi 
tives to be incorporated into said emulsion; and 

6) testing the osmoticity of said emulsion to meet physi 
ologically compatible osmoticity limits. 
8. The method of claim 7 wherein said amino acids 

are solely straight chain amino acids, said adding step 
comprising adding said amino acids in the form of solu 
tions having 3.5-15% amino acids. 

9. The method of claim 7 wherein said amino acids 
comprise branched chain amino acids, said adding step 
comprising adding branched chain amino acids in the 
form of solutions having 6.5-8.0% amino acids. 

10. The method of claim 7 wherein said adding step 
comprises adding lipids in the form of emulsions having 
10-30% lipids. 

11. The method of claim 7 wherein said multivalent 
cations or their derivatives, are selected from the group 
consisting of iron ions, iron dextran, calcium ion, zinc 
ions, calcium gluconate, magnesium ion, and mixtures 
thereof. 

12. The method of claim 7 wherein said step of adding 
drugs comprises adding drugs selected from the group 
consisting of steroid drugs, heparin, cimetidine, meto 
clopramide and mixtures thereof. 

k k 


